by Scarf r& ga. (1971) , and by Filbert and Kellogg (1979) , has been generally accepted. This acceptance developed regardless of the fact that the unstable electron velocity distributions predicted by the theory had never been observed (Feldman tj Al., 1973) . Recently, observations made on the ISEE spacecraft (An..,drson 1981) have confirmed the presence of the necessary unstable distributions in the electron foreshock at times when significant electrostatic plasma waves were being detected. A further observation of an unstable velocity distribution in the electron foreshock is presented here; it was obtained by the GSFC electron spectrometer on the ISEE-1 spacecraft (Ogilvie &I Al., 1978) . Simultaneous measurements of the electrostatic wave intensity obtained by the ISEE plasma wave investigation (Gurnett gj sI., 1978) and the ISEE electron density experiment (Harvey VI al., 1978) are also presented. These measurements indicate that the unstable distribution was observed just as the spacecraft was passing through the upstream boundary of the electron foreshock.
The ISM electron and plasma wave observations both motivate and enable a more detailed study of the unstable plasma evolution in the electron foreshock. The results of such a study are presented here.
A numerical code developed by Klimas (1982) has been used to integrate the Vlasov-Maxwell equations for a one-dimensional electron plasma forward in time from an assumed initial plasma state. The unstable velocity distribution observed by the GSFC electron spectrometer was used for the initial velocity distribution. The initial electric field was simply "seeded" with very low amplitude wave modes. The results which are presented show the evolution of the plasma from its initial "bump-on-tail" unstable state through saturation of the instability and considerably beyond.
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An unexpected featurs.of . the e14W^is field evolution has been discovered. It was expected that the saturated electric field would simply oscillate at the Bohm-Gross frequency (essent'.ally the electron plasma frequency) provided by the linearized electrostatic plasma dispersion equation (Bohm and Gross, 1949) . It was found that not only the Bohm-Gross frequency but also all of its harmonics that could be included in the y numerical code, given its present size, were excited to significant levels in the saturated field. The resulting power spectrum for the saturated electric field which is presented here shows a dominant peak at essentially the plasma frequency plus peaks near the 2f p , 3fp and 4fp positions which are further split into closely spaced doublets. The splitting is due to low frequency modulations of the harmonic field components presumably caused by wave-particle trapping effects. The peak at the plasma frequency is also split, in this case into three closely spaced peaks, but the central peak is so dominant that the other two are difficult to pick out.
An explanation of the harmonic excitation is given in section IV. A simple verbalization of that explanation is as-follows: The initial plasma evolution is qualitatively as predicted by linearized plasma theory Wall and Trivelpiece, 1973) . Field modes whose phase velocities lie on parts of the initial electron velocity distribution with positive velocity and slope are unstable and grow exponentially with time. Other field modes Landau damp and therefore decay exponentially with time. All modes remain small, but the growing modes become very large compared to the decaying modes. At some point in the plasma evolution wave-particle coupling terms in the governing Vlasov equation which are quadratic in the growing modes become larger than other similar terms which are linear in the decaying modes. At that point the linearized description of the plasma fails and non-linear phenomena take over. Field modes which had earlier been decaying then are pumped by the dominant unstable mode which continues to grow. These pumped modes experience sudden shifts in their oscillation frequencies to u harmonics of the unstable mode frequency. Interestingly, all of this occurs long before the saturation of the instability, during its "linear growth" phase when non-linear phenomena are not expected. By that time when the instability does saturate the pumped modes have grown considerably and the field is left with significant power at the harmonic frequencies. argued that the bump-on-tail unstable initial distribution was obtained just as the ISEE-1 satellite was passing through the upstream boundary of the electron foreshock. Next some details of the calculated electric field are presented and finally the electric field power spectrum discussed above is presented. In section IV a calculation of the second harmonic excitation is given which is based on a linear plasma theory with second order wave-wave coupling included where necessary. A comparison of the results of this calculation with the numerical results indicates that the second harmonic excitation is due entirely to second order wave-wave coupling which takes place during the otherwise linear growth phase of the instability. It is conjectured that the higher harmonics are excited in a similar manner.
II. The Plasma Model
The results which are presented in this paper have been obtained using the following one-dimensional electron plasma model for the reduced electron distribution function, F(x,v,T), and the electric field, E(x,T):
-00
These equations are dimensionless. In the following let the starred e quantities be the original dimensional ones. Then x = x /L where L is an
• arbitrary length scale. Solutions which are periodic in x over the f interval -L < x < L will be considered. Therefore 2L is the longest wavelength to be considered. Time is measured by T = w pt = 2%f t where f is the electron plasma frequency. Then v = v /w pL and _ E Aven0L where no is the electron density averaged over the interval of perJjdicity;
it is a property of periodic solutions of equations 1-3 that n o is a constant in T. In this section a solution of equations 1-3 will be presented using an initial dist ibution, derived from data obtained by th e ISEE-1 Electron Spectrometer Experiment, which is unstable to the bump-on-tail instability.
The numerical integration method developed by Klimas ( 1982) has been used to obtain these results. This is a periodic solution which is presented here as onlr a first step in a program of research leading to non-periodic solutions which can include the _-fluence of the nearby bow shook in a more cogent manner.
a). Electric Field
The numerical predictions for the electric field will be presented here in terms of E(T) = ( L/X p ) E(T). This scaling for the electric field leads to the following useful rule: When E(T) = 1, then the energy density in the electric field equals the total kinetic energy density in the initial state of the plasma. Since the kinetic energy of the plasma does not vary signifi, . antly it is true that w..en E(T) = 1 then the field and particle energy densities are essentially equal. In thu foreshock, if this plasma state were reached then the electric field intensity would be roughly 1 V/m.
The output of the nume r ical integration scheme for the electric field The quantity, 1(T), is given by, t^1 w (is t^-^> ^o^S^ 6).
0
The quantity, F. (0), is part of the initial data; it could be set to zero.
If ' F (x,v,O) is such that uc (0) -U = 0, and if e' o (0) is set to zero, ;hen k(s) _ +!t) = 0 and the expression for the electric field given by equation 4 reduces to the electrostatic limit. The solution presented here follows from an electron spectrometer observation for which u e (0) -U 0 0.
Thus, the electrostatic limit cannot be reached for this solution even if it is assumed that E(0) = 0. The Am (c) and Hm (c) are obtained directly from the numerical calculation. These coefficients will be presented here; the total field can be reconstructed using equation 4. Only O ne field modes have been included in the solution which will be presented. Of course more modes are desirable and it is expected that more will be included in the future. On the other hand various solutions have been computed using varying numbers of modes and varying related phase velocities tk) ensure that the interpretation of the results which will be presented is not an artifact of the small number. It is i.ot expected that an increased number of modes will lead to any significant ei.ange. integration results using two methods of integration. In principle the integration should be carried to infinite perpendicular velocity but, of course, the electron spectrometer has a finite upper energy limit. The upper dotted curve was obtained by extrapolating the electron spectrometer .
data smoothly to zero for very Large velocity and the lower curve by setting the electron distributioA to zero for all high velocities where it was not measured; in each case the integration over the perpendicular velocity components was then carried out. From the results it appears that at least in t his case, the reduced distribution is very well deter mined by the electron spectrometer data over the parallel velocity interval of significance to the evolution of plasma wave phenomena; i.e., the velocity interval containing the bump on the tail of the reduced velocity distribution.
The data in Figure 1 were apprrently collected as tas spacecraft was
Passing through the boundary of the electron foreshock into interplanetary space. Figure 
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it is concluded that the !SEE-1 satellite passed out of the foreshook shortly after 11:38, as the data for Figure 1 were being collected, and soon after passed back into thi foreshock. It is assumed that this passage is not clear in the plasma wave experiment data because of the da l sap.
The unstable bump-on-tail reduced distribution shown in Figure 1 is an example of a phenomenon which has been presumed to exist at the bound.iry of the foreshock for quite some time (Filbert and Kellogg, 1979) . The electron spectrometer onboard the ISEE-1 spacecra:t is the first experiment with high enough time and velocity resolution to yield that result. A search through the electron spectrometer data for other such examples is in progress; detailed results will be presented later. Time Alining during the electron spectrometer three se p ond data collection interval is still a Possibility. However, at this pW.nt it appears that many of the foreshock boundary crossings have been resolved by the electron spectrometer and have been found to coincide with bump-on-tail unstable reduced distributions.
The solid cure in Figure 1 is a three Gaussian fit to the electron spectrometer data which has been used aj the initial velocity distribution for the numerical solution to follov. This initial data contains a cold, dense core, a high temperature halo, and a beam of approximately 150 eV electrons moving away from the bow shock along the local magnetic field.
The electric field was assumed to initially con ,,;ain very low amplitude waves with phase velocities at the positions of the thin vertical lines in 
IV. A Mechanism for Higher Harmonic Excitation
It is thought that the decay reversals and frequency shifts discussed in the previous section can be explained in terms of a second order wave-wave coupling mechanism. This mechanism allows the unstable plasma mode to pump the stable ones to significant amplitudes with oscillation frequencies that are narmonics of the unstable mode frequency. A specific calculation of the amplitude, growth rate, and oscillation frequency of the second harmonic is given in this section. The results of this calculation are in excellent agreement with the numerical computation. It is conjectured that the higher harmonics are due to the same mechanism involving many more wave-wave couplings but a detailed calculation of the higher harmonics has not been done.
The calculation of the second harmonic excitation is essentially a linear calculation with second order coupling added where appropriate. As discussed above, the calculation will be done in the electrostatic limit (i.e., solutions of equations 1 and 2 with the constraint Eo (T) = 0 will be studied) and the results will then be transformed to allow a comparison with the numerical computation. Therefore, consider solutions of equations OF POM QUALITY 20 frequency). Generally, the method of Jackson, when it applies, gives a more accurate result for w than does the Bohm-Gross expression. However, in this particular case, with m s 1, the two results are essentially identical and therefore this frequency has been referred to everywhere else in this paper as the Bohm-Gross frequency of the unstable mode. The lowest frequency peak in the model field power spectrum (the thin curve) of Figure   6 is at this calculated Bohm-Gross frequency. The excellent agreement between the position of this peak and that derived from the numerically computed field (the heavy curve) indicates the accuracy with which the linear theory predicts the oscillation frequency of this unstable mode. ♦ aR^^^ d^(pt ^aTI O are dP E < < P' ^, ^^^^-P which f ' 1 af 1/av and the path of integration, C, is from -im to +io, with 1 (p') analytic to the right and f e 1 ( v, p-p') likely that field nodes with wavelengths equal to 1D or shorter would play a significant role if they were included but this point will be checked in the future when solutions with more field model will be computed.
It is further not considered likely that the transition from the discrete modes appropriate for the numerical computation to a continuum of modes more appropriate for an interpretation of the plasma wave data would have any significant impact on the harmonic excitation. Following the long linear growth phase of the instability the contribution to the electric field from the continuum of unstable wavelengths should be dominated by those wavelengthL which are very close to the most unstable wavelength.
Because the field would therefore be dominated by a narrow range of wavelengths, and because the wavelength dependent Bohm-Gross correction to the plasma frequency is small, all of the important unstable field modes should oscillate at very nearly the same frequency, near the plasma frequency. With the resulting sharply peaked wavelength and frequency spectra for the unstable field modes it would be expected that the spectra for the pumped harmonic modes would be similarly peaked. Thus, it is expected that in the continuum, during the linear growth phase of the instability and while the harmonic pumping is occurring, the field would evolve in a manner quite similar to that of the discrete mode calculation.
Than why have the harmonies of the plane frequency not been observed at the electron foreshock boundary? The answer may be that they have been observed but due to the nature of the plasma wave detectors it is di,ffloult to determine that this is the case. An unfortunate side effect of the high sensitivity of these detectors is their tendency to spill strong signals in any one frequency channel over into other nearby channels. A good example of this phenomenon can be seen in Figure 3 in which a very strong signal at the plasma frequency in the 31.1 kHz channel may be exciting many of the other frequency channels in the detector. There may also be harmonics of the plasma frequency in that data but that would be very difficult to prove. This is an extreme example; there my be other times when harmonics
In the plasma waves could be separated from spillover in the detector. On the basis of the results of this paper it would appear that they are there to be found.
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